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Abstract

Amidst the global climate crisis, dam operation policies formulated under the stationary climate assumption could lead to unsatisfactory
water management. In this work, we assessed status-quo performance of the Yongdam Dam in Korea under various climatic stresses in
flood risk reduction and water supply reliability for 2021-2040. To this end, we employed a decision-centric framework equipped with
a stochastic weather generator, a conceptual streamflow model, and a machine-learning reservoir operation rule. By imposing 294 climate
perturbations to dam release simulations, we found that the current operation rule of the Yongdam dam could redundantly secure water
storage, while inefficiently enhancing the supply reliability. On the other hand, flood risks were likely to increase substantially due to
rising mean and variability of daily precipitation. Here, we argue that the current operation rules of the Yongdam Dam seem to be overly
focused on securing water storage, and thus need to be adjusted to efficiently improve supply reliability and reduce flood risks in
downstream areas.
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71 HSLE 913 AH7F E 2 Al (Intergovernmental Panel
on Climate Change, IPCC)=2021 8€ 7] $H3}e] B4
0] tigt 62 H A& BN, 17 &Eo] i), B,
52| 25 R AFGAIA 2| AHEA| A5 0] ek 714
S 71AL Qe AEH] FTHIPCC, 2021). @A -2t 54
= BEFE 27 A vlE AlUE] 291 Shared Socioeconomic
Pathways (SSP; Meinshausen et al., 2020) 2-4.52} A Z}3F A]
2] 291 SSP 5-8.5 Alue]. 2 Atolof a1, F=7F 2 A 7}
Z5 500 GtCO = ARt -9 m2| 71 g oF +1.5C Z17}
9= FEL2 50% JEOITHIPCC, 2021). HFk =2 &%
(Mitigation) § o] =712 0 = AJ2tH ) str e g37t
Yeh7] 7k2] = 71 A e o] k= F7Fskal A sl
O] 219 1t 2tol= A AE Ao = oA=L QITH(IPCC,
2021; Thinda et al., 2020; Trenberth et al., 2014; Dai, 2013;
Hirabayashi et al., 2013).

23t 2 QIgh e §igt= oAb Q1 ete] s
A e ES ol ] 7] ufEo) AR & ol 2 91Ol
= 4= SJtH(Georgakakos ef al., 2012; Raje and Mujumdar,
1). 53] 4 fEol thet o2 o] =2 A Hol==a4
FrE0°] E°1(IPCC, 2021; 2013) H>-Fa-&o] ZA Hofd
4= QJt}. Ehsani ef al. (2017) 0|2 S55 21 o] 71E-&
-8 5o A AT Ao ® Frslla 37 A8
StHot 2 A2 A tf-go] Qg A o 2 Histyict. Wt
A2 7FAFR] 214 el B A= e ul-¢- ZA]RH(Biemans
etal.,2011; Nilsson et al., 2005),
Qlol F7HAQ) | A, S A2 1A A3 444
© 2 v#%]7] o] tk(Foley et al., 2017). WA 2 F= 7|4
I Z2 v 22 A3 gko] B4 Q1 Aol 2T Emami,
2020) H2F-2 ofH5] HalolA] o= 71520 7Rk 49
Z HpAl o 2 o] ojx)= 7397 BT (Georgakakos ef al., 2012).

H3}s}2] o= 7] Hi(stationary climate)€ 7Hg o=
AEH QN H 2G4 7| TSt HoFsh] whZoll(e.g.,
Pofferal, 2016) &7 7o) 2 afc, a2t A ae) 3
A, R, IS EA o= gACIARE 2 B2 ol A
Hol= Ao @Aolt), 24 A| ARG 52 5 71T E
HA dgstal o] Mol thgh 4352 S75h=2(predict-
then-act’ paradigm) © 2 B7}=}i=H|(e.g., Bréda er al., 2020),
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of FAAXAL BAANE Aot |7b wj¢ ot
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Fig. 1. The boundary and the elevation profile of the Yongdam Dam Basin. The storage in the dam is being transported to the adjacent river basins
for municipal and industrial uses (15.6 m> s is institutionally planned), and the environmental demand for the downstreamis 7.2 m*s™

Penman (1948) 54 0.2 4P4H S A 1981-
20009 B+ 1,048 mm a™ |41 2001-2020'A BF 1,086 mm a’
2 3.6% & Uth Badargo] Yo e AR 2 49
|-t 7] o 2-8-9] FaFo] vl A 2H7] wfjZofl(Kim and
Chun, 2021), S5 9 2] A5 T4EF Hgh= 213t
OJet 2| o q 2] F7tE mtE o, gt S A
o] FAloll F7Fstal §17] w2l B do] AdE o] =22
Hlol A 7| FHI}E tiH|ofjof 5k Ao = & 4= QU

B Ao AFRE 7142 == Jeong and Eum (2015)2] 5
O 2 3 km ARSI R A4 1981-2020 717 473,
A1 7]L, AZ|A7]-& 2}z o]t} Jeong and Eum (2015)2
717474 £ 4Z(Automated Synoptic Observation System,
ASOS) 607l |3 At &-E Parameter-elevation Regression on
Independent Slope Model (PRISM; Daly ef al., 2008) 2.2 &
7R 7VS I Inverse-distance-weighting (IDW) ' 0 2
o F2|E A ALt PRISMIZHDWE Z§oh=UH-2 PRISM
Yo 2 HIFSl= ZH of HOl7t A A g Tl (Jeong and
Eum, 2015; Daly et al., 2008). FA|SEAF A of| B @ 9F AF
5ot 34t E3E 5UT ASOS 60213 BEA=E IDW
e 0 = H7bsho] AR lek. A-Fr = 2ol E flol 3

www.water.or.kr/). SHH] 45
star 717]f| spdol= T3 Al 173
e RN o S B0 s i S J M s P aa e R =Red
Sh= A5 HEHE 7HA 1 Qe 8 H O A8
815 x 10° m*, AT 8552 742 5 x 10° m’, 5527883
2137 x10°m’, T FE/ V82 44.9 x 10° m’ 2.2 5919
0] 122799 0] A4AFREE (815-137) = 678 x 10° m®, L} %]
AO] AAFTHE- 7425 x 10 m*S A&t et o)A
FIHAS S AR o2 FFHfolehs 2 15.6
m’s’!, B2 o g FFalors 432 7.2 m’ s o ch(K-water,
2019; Fig. 1). K-water At=0]] 2|5} (https://www.water.
or.kr/) 2005-20201d 717+2] 27%%t 0] 7]50] TEEE] 9 o ™
A1 2] % (Reliability; Hashimoto ef al., 1982) 95%2 FHEA]7]
EI3FNEE109m’ s (48% TF)o|tt. T 7|7tof A4
FAE T 95%5 WA 7= A2 218.5 x 10° m?o| T}

A= 918l IPCC 2] Coupled Model Intercomparison
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Table 1. List of the GCMs adopted for the decision-centric impact assessment

No. Model name Resolution Institution
1 CMCC-CM 0.750°x0.748°
Centro Euro-Mediterraneo per I Cambiamenti Climatici
2 CMCC-CMS 1.875°%1.865°
3 CCSM4 1.250°%0.942°
4 CESMI1-BGC 1.250°x0.942° National Center for Atmospheric Research
5 CESM1-CAM5 1.250°%0.942°
6 MRI-CGCM3 1.125°%x1.122° Meteorological Research Institute
7 CNRM-CM5 1.406°%x1.401° Centre National de Recherches Meteorologiques
8 HadGEM2-AO 1.875°%1.250°
9 HadGEM2-CC 1.875°%1.250° Met Office Hadley Centre
10 HadGEM2-ES 1.875°x1.250°
11 MPI-ESM-LR 1.875°x1.865° )
Max Planck Institute for Meteorology (MPI-M)
12 MPI-ESM-MR 1.875°x1.865°
13 FGOALS-s2 2.813°%1.659° LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences
14 NorESM1-M 2.500°%1.895° Norwegian Climate Centre
15 GFDL-ESM2G 2.500°x2.023° ) ) .
Geophysical Fluid Dynamics Laboratory
16 GFDL-ESM2M 2.500°x2.023°
17 BCC-CSM1-1 2.813°x2.791°
Beijing Climate Center, China Meteorological Administration
18 BCC-CSM1-1-M 1.125°x1.122°
19 IPSL-CM5A-MR 2.500°x1.268°
20 [PSL-CM5A-LR 3.750°%1.895° Institut Pierre-Simon Laplace
21 IPSL-CM5B-LR 3.750°%1.895°
22 MIROCS 1.406°x1.401° Atmosphere and Ocean Research Institute, National Institute for
23 MIROC-ESM-CHEM 2.813°x2.791° Environmental Studies, and Japan Agency for Marine-Earth Science and
24 MIROC-ESM 2.813°%2.791° Technology
25 CanESM2 2.813°x2.791° Canadian Centre for Climate Modelling and Analysis
2% GISS-E2-R (RCP4.5 only) 2.000°%2.500° NASA Goddard Institute for Space Studies and Center for Climate Systems
Research
27 INM-CM4 2.000°x%1.500° Institute of Numerical Mathematics, Russian Academy of Sciences

project Phase 5 (CMIPS; Taylor et al.,2012) GCM 7] %
= o7 3 SHA T (Table 1). 20508 0] 5 24 7F2 v E0]
2F5tE]= Representative Concentration Pathway (RCP) 4.5
AlH2] 2.9} 2100 o] Fof| ke 27 AT} Al F7keh= A
O = 7P4Sh=RCP8.5 AU @ 0] A7, A X012 7] 7]
2 A= sIATE GOM 2] B e T O)i= Detrended
Quantile Mapping (Biirger et al., 2013)7]H0 2 B A | QIc},

22 AYY
2.2.1 Decision-scaling framework
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et Qle}. 20 Rl AR B
2] AlF 2] 95 percentile = A4 SFA L #4=
2 T 9A195% T8 71591 218.5 x 10°m’ e}
10.9 m® s1& o]-g3] Frlstart.

;0

2.2.2 Stochastic weather generator
NERERL DA AAD AAS 3] AHSE T1HL
Steinschneider and Brown (2013)2] semi-parametric weather

generator®]Tt. Kwon ef al. (2007)2] wavelet autoregressive
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Fig. 2. The five steps for the bottom-up impact assessment (adapted from Kim et a/. (2018))
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Fig. 3. The time series of (a) daily rainfall, (b) observed and simulated flows, (c) 30-day rolling means of observed and simulated flows, (d) non-
exceedance probability of observed and simulated flows, and () the 1:1 scatter plot between observed and simulated flows for 2011-2020.

Table 2. Estimated parameters of GR6J runoff model. The parameter ranges are given in the parentheses

Calibration X1 X2 X3 X4 X5 X6 KGE
period [0,21807] [-1903,1903] [0,21807] [0,22] [0,1] [0,21807]

2011-2020 150.7 -0.121 53.51 1.140 0.142 12.1 0.763

2002-2020 126.8 -0.090 8.949 1.179 0.104 19.5 0.735
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Fig. 4. Comparison between simulated storage changes by the random forests and observations for (a) the training period (2005-2016) and

(b) the validation period
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